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ABSTRACT 
 
The selected arsenite minerals leiteite, reinerite and cafarsite have been 
studied by Raman spectroscopy.  DFT calculations enabled the position of 
AsO22- symmetric stretching mode at 839 cm-1, the antisymmetric stretching 
mode at 813 cm-1, and the deformation mode at 449 cm-1 to be calculated.   
The Raman spectrum of leiteite shows bands at 804 and 763 cm-1 assigned to 
the As2O42- symmetric and antisymmetric stretching modes.  The most 
intense Raman band of leiteite is the band at 457 cm-1 and is assigned to the 
ν2 As2O42- bending mode.  A comparison of the Raman spectrum of leiteite is 
made with the arsenite minerals reinerite and cafarsite.  
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INTRODUCTION 
 
 Minerals are known corresponding to ortho-, pyro-, and meta-arsenious acids: 
H3AsO3, H4As2O5 and HAsO2. All arsenites are insoluble in water except for the partial 
solubility of the arsenites of the alkali metals. Minerals based upon the ortho and meta-
arsenious acids are reinerite Zn3(As3+O3)2 1 and leiteite ZnAs2O4 2.  These minerals have a 
polymeric chain anions held together by the cation 3 (see for example Reference 3 page 670).  
A Raman spectroscopic study of arsenic compounds has been undertaken 4.  A detailed study 
of the Raman spectra of arsenite and thioarsenate anions in aqueous solution have been 
reported but the assignment of bands proved difficult 5.  Studies of the Raman spectroscopy 
of arsenious acids and their salts have been known for a long period of time 6,7.  Some Raman 
studies have been made on arsenite containing glasses 8,9.   
.  
It is interesting to note that very few papers have been published on the spectroscopy 
of arsenite minerals 10-12.   Some research has been published but is related to the analysis of 
pigments 13-15.  For example Paris Green is a copper aceto-arsenite Cu2(CH3COO)(AsO3) .  
Scheele’s green is probably CuHAsO3 3.  Some spectroscopic studies of calcium and lead 
arsenates have been forthcoming 16-18.  However, interest in these types of minerals rests with 
their potential application as piezoelectric crystals and as ferroelectric materials.  Raman 
spectroscopy has proven especially  useful for the study of related minerals 19-27.  As part of a 
comprehensive study of the molecular structure of secondary minerals containing oxy-anions, 
formed in the oxide zone, using IR and Raman spectroscopy, we report the Raman properties 
of the selected arsenite minerals leiteite, reinerite, cafarsite  and relate the spectra to the 
mineral structure. 
 
EXPERIMENTAL 
 
Mineral 
 
 The minerals leiteite and reinerite originated from the Tsumeb mine, Tsumeb, Otavi 
District, Oshikoto, Namibia.  These minerals are ‘type’ minerals which are used as reference 
minerals.  The mineral cafarsite was obtained from Monte Cervandone, Val Devero, 
Piedmont, Italy.  The minerals used in this study were supplied by The Mineralogical 
Research Company.  The minerals were analysed by Raman spectroscopy without any 
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treatment.  The spectrum of leiteite, reinerite and cafarsite were also down loaded from the 
RRUFF web site.  
 
 
Raman spectroscopy 
 
The crystals of the arsenite minerals were placed and oriented on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a Renishaw 
1000 Raman microscope system, which also includes a monochromator, a filter system and a 
Charge Coupled Device (CCD). Further details have been published  19-27.   
RESULTS AND DISCUSSION 
 
Crystals of monoclinic leiteite ZnAs2O4 of space group P 21/c (C2h5; Z=4) were 
chosen for a Raman spectroscopic study.  The structure of leiteite consists of Zn atoms in an 
open tetrahedral sheet with arsenite chains flanking each side.  These composite layers are 
cross-linked through long, bridging As – O bonds.  There are two distinct As atoms in the 
arsenite chain.  Factor group analysis predicts 42 Raman active bands (21Ag +21Bg) and 39 
IR active bands (20Au +19Bu).  The presence of a polymeric chain of AsO2, rather than an 
isolated arsenite vibrating unit limits the value of factor group analysis in assigning the 
various arsenite modes.  Nevertheless, the stretching vibrations of the non-equivalent As-O 
bonds can be expected to give rise to 12 Raman bands (6Ag + 6Bg), although in practice it 
was not possible to resolve these modes owing to the similarity of the As-O bond lengths in 
the polymeric chain.   
 
 The Raman spectrum of the arsenite mineral leiteite is shown in Fig.  1 and the results 
are reported in Table 1.  Table 1 includes data from the Raman spectrum of other arsenite 
minerals including reinerite and cafarsite.  A spectrum of leiteite has been downloaded from 
the RRUFF web site and is shown in Fig.  2.  The Raman spectrum of reinerite and cafarsite 
are shown in Figs. 3, 4 and 5.  The structure of leiteite consists of tetrahedral layer structure 
with polymeric chains of AsO2 units 2.   Based upon DFT calculations (please see below) the 
804 and 763 cm-1 bands are assigned to the As2O42- symmetric stretching modes.  It is not 
understood why the intensity of these bands are so low.  Two low intensity bands are found at 
600 and 647 cm-1 are also assigned to the As2O42- antisymmetric stretching vibrations of 
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AsO2 units. The observation of multiple antisymmetric stretching vibrations suggests that the 
As2O42- units are not equivalent.  Ogden and Williams 28 published the infrared spectra of 
selected arsenite compounds and observed bands at 393, 852 and 863 cm-1.  The latter two 
bands were assigned to the As2O42- stretching vibrations.  Bencivenni and Gingerich reported 
the infrared spectra of matrix isolated synthetic NaAsO2, KAsO2, RbAsO2 and CsAsO2 29.  
All of the matrix isolated spectra showed bands at 868, 853 and 418 cm-1.  These authors 
assigned these bands to the (AsO2)- symmetric stretching vibration, antisymmetric stretching 
vibration and the symmetric bending mode 29.  These authors also noted that the position of 
the symmetric stretching vibration occurred at higher wavenumbers than the antisymmetric 
stretching vibration 29.  These authors noted that this was unusual for the vibrational 
spectroscopy of oxyanions. Szymanski et al. 4 reported the infrared and Raman spectra of 
M3AsO3 metal arsenites.  An intense Raman band was observed at 670 cm-1 and an intense 
band in the infrared spectrum at 560 cm-1.    
 
By far the most intense band in the spectrum of leiteite is the band at 457 cm-1.  This 
band is assigned to the ν2 As2O42- bending modes.  This band may correspond to the infrared 
band observed by Ogden and Williams at 393 cm-1.  Szymanski et al. 4 also found a Raman 
band at 375 cm-1.  Bencivenni and Gingerich found a band at 418 cm-1 and assigned this band 
to the  δ AsO2 bending mode 29. The low intensity bands at 307 and 369 cm-1 may be 
attributed to the As2O42-  ν4 bending modes.  Two sharp bands are observed at 219 and 256 
cm-1.  The structure of the As2O42- polymeric chains consist of arrays of O-As-O-As-O chains 
2. Two types of units are envisaged based upon OAsO and AsOAs units.  The two sharp 
bands at 219 and 256 cm-1 are assigned to the bending modes of the AsOAs linkages. 
Szymanski et al. 4 also found an intense band at 270 cm-1.   
 
 The Raman spectrum of reinerite in the 500 to 1000 cm-1 region is displayed in Figs.  
4 and 5.  According to Ghose et al. 1  the structure of reinerite is based upon a new type of 
Zn-tetrahedral double chain, [Zn4O10], with 2-tetrahedral repeat and 4-membered rings.  
These double chains are cross-linked into a 3-dimensional framework through corner-sharing 
of a new type of edge-sharing Zn-tetrahedral dimers and 2 types of trigonal pyramidal 
arsenite groups.  Five Raman bands are observed at 658, 722, 752, 772 and 804 cm-1.  
According to the XRD data, there are two different non-equivalent arsenite units in the 
structure of reinerite, thus, at least two symmetric stretching bands are expected.  The three 
intense sharp bands at 752, 772 and 804 cm-1 are assigned to the AsO33- symmetric stretching 
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vibrations.  Raman spectroscopy appears to show three different types of arsenite units in the 
reinerite structure, at least at the molecular level.  The two bands at 658 and 722 cm-1 may be 
assigned to the AsO33- antisymmetric stretching vibrations.  Szymanski et al. argue that the 
AsO32- ion, even though it should be planar similar to CO32- ions is an octahedral type 
structure.   The low wavenumber region of reinerite in the 100 to 500 cm-1 region is shown in 
Fig.  3.   No intense band at around 418 cm-1 was observed.  
 
 The Raman spectrum of the mineral cafarsite is illustrated in Fig.  5.  The band at 869 
cm-1 may possibly be assigned to the AsO32- ν1 symmetric stretching mode. This band is in 
the similar position to that reported by Ghose et al.  2.  The band is also similar to that 
observed in the infrared spectra of matrix isolated synthetic sodium arsenite 5.  Two Raman 
bands are observed at 725 and 757 cm-1 are assigned to the AsO32- ν1 antisymmetric 
stretching modes.  A previous study by Kloprogge and Frost using polarised Raman 
spectroscopy of a single crystal of cafarsite showed the bands at 757 and 725 cm-1 can be 
assigned to the AsO32- symmetric and antisymmetric stretching modes 30.  These authors also 
defined the bands at 258 and 319 cm-1 to the ν4 and ν2 bending modes.  In Fig.  5 these two 
bands are observed at 328 and 286  
cm-1.  The other bands at 435, 510 and 589 cm-1 shown in Fig. 5, are not attributable to 
cafarsite but belong to some other mineral.  
 
 
  
Density Functional Theory Calculations 
 
DFT calculations were undertaken for an isolated NaAsO2 with 90° geometry 
The calculated values are as follows AsO32- symmetric stretching mode at 839 cm-1,  
antisymmetric stretching mode at 813 cm-1, and the deformation mode at 449 cm-1.   
 This compares with experimental values of 868, 853 and 418 cm-1 respectively. Ogden and 
Williams 28 published the infrared spectra of selected arsenite compounds and observed bands 
at 393, 852 and 863 cm-1.  The latter two bands were assigned to the As2O42- stretching 
vibrations.  Matrix isolated studies 31 of NaAsO2 reported bands at 868, 853 and 418 cm-1. 
The assignment of these bands is in good agreement with our DFT calculations and the 
Raman spectrum of leiteite.   
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CONCLUSIONS 
 
 The Raman spectra of the selected arsenite minerals leiteite and reinerite are reported 
for the first time.  A comparison of the results of this Raman spectroscopic study with 
published Raman and infrared data has been made.  Assignment of the Raman bands of 
leiteite and reinerite have been elucidated.  DFT calculations of an isolated arsenite ion have 
been undertaken. DFT calculations estimated the position of the AsO22- symmetric stretching 
mode at 839 cm-1, the antisymmetric stretching mode at 813 cm-1, and the deformation mode 
at 449 cm-1.   
 
The Raman spectrum of leiteite shows bands at 804 and 763 cm-1 assigned to the 
As2O42- symmetric and antisymmetric stretching modes.  The position of the bands is in 
reasonable agreement with the DFT calculations.  The most intense Raman band of leiteite is 
the band at 457 cm-1 and is assigned to the ν2 As2O42- bending mode.  The structure of the 
arsenite mineral reinerite is complex. Five Raman bands are observed for reinerite at 658, 
722, 752, 772 and 804 cm-1.  The three intense sharp bands at 752, 772 and 804 cm-1 are 
assigned to the AsO33- symmetric stretching vibrations.  Raman spectroscopy appears to show 
three different types of arsenite units in the reinerite structure, at least at the molecular level.  
The two bands at 658 and 722 cm-1 may be assigned to the AsO33- antisymmetric stretching 
vibrations.   
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Fig. 1 Raman spectrum of leiteite in the 150 to 800 cm-1 region. 
 
Fig. 2 Raman spectrum of leiteite downloaded from the RRUFF web site in the 100 to 850 
cm-1 region. 
 
Fig. 3 Raman spectrum of reinerite in the 500 to 1000 cm-1 region. 
 
Fig. 4 Raman spectrum of reinerite in the 100 to 500 cm-1 region. 
 
Fig. 5 Raman spectrum of carfarsite in the 100 to 1000 cm-1 region
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